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(54) ACTIVE FILTER CONTROL DEVICE

(57)  Provided is technology for improving, in an ac-
tive filter, impediment to suppression of a harmonic com-
ponent of power current caused by arithmetic processing
performed by a current controller. The current controller
(5) performs processing of generating a three-phase volt-
age command value V* based on output of a difference
current generation unit (3A). The current controller (5)
achieves the above-mentioned processing, for example,
by performing PI (proportional integral) control, so that a
delay time ta occurs. If a deviation le is obtained from a

command value Ic* and compensating currentlc, the time
ta causes a difference between the compensating current
Ic and the harmonic component, and becomes an im-
pediment to suppression of the harmonic component of
the power current Is. However, by the difference current
generating unit (3A) obtaining the deviation le from the
compensating current Ic and a value Ic** obtained by
leading a phase of the command value Ic* by a phase
corresponding to the time ta, the above-mentioned im-
pediment is eliminated or reduced.
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Description
Technical Field

[0001] The present invention relates to technology for
controlling an active filter and, in particular, to technology
for controlling a parallel active filter.

Background Art

[0002] Whenload currentflows from an AC power sup-
ply to aload, a so-called harmonic componentis typically
generated in the load current. The harmonic component
is a well-known problem as it causes so-called harmonic
interference, and is thus to be reduced.

[0003] An active filter is proposed as one approach to
solving the problem. Particularly a parallel active filter is
connected to the AC power supply through an intercon-
nection reactor and passing compensating current to re-
duce a harmonic component of power current flowing
through the AC power supply.

[0004] Specifically, in order to reduce the harmonic
component of the power current, processing of passing
compensating current of an opposite phase to this
through the parallel active filter (or supplying compen-
sating current of the same phase as this from the parallel
active filter) is performed.

[0005] The harmonic component of the load current is
adopted as a command value of the compensating cur-
rent, and, based on a deviation of the compensating cur-
rent therefrom, a current controller operates to control
operation of the parallel active filter.

[0006] The parallel active filter is introduced, for exam-
ple, in Non-patent Document 1 and FIG. 10 of Patent
Document 1.

[0007] Further, Patent Documents 2 and 3 are listed
as prior art documents disclosing technology related to
the present application. Patent Document 2 discloses
technology for suppressing overcurrent in the event of
accidents, and Patent Document 3 discloses technology
for suppressing a time delay of operation of performing
rotating coordinate conversion and a delay occurring
when current is detected.

Prior Art Documents

Patent Documents

[0008]
Patent Document 1: Japanese Patent No. 3755220
Patent Document 2: Japanese Patent Application
Laid-open No. 5-252751

Patent Document 3: Japanese Patent Application
Laid-open No. 2008-234298
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Non-patent Document

[0009] Non-patent Document 1: Katsuhiro Izumi and
four others, "Influence of the Compensation Current De-
tection Characteristic on the Active Filter Performance",
Reports of the Faculty of Engineering, Nagasaki Univer-
sity, Vol. 30, No. 55, pp. 165-169, July 2000

Summary of Invention
Problems to be Solved by the Invention

[0010] The parallel active filter is controlled by the op-
eration of the current controller based on the deviation
of current as described above. The current controller,
however, is typically configured as a proportional integral
controller, and, due to arithmetic processing performed
thereby, the compensating current tends to be delayed
from the command value thereof. The divergence be-
tween the command value and the compensating current
is likely to be more noticeable especially when the com-
mand value varies more significantly.

[0011] Such adelay caused by the arithmetic process-
ing becomes an impediment to suppression of the har-
monic component of the power current. However, Patent
Documents 1 and 2 as well as Non-patent Document 1
are silent about such an impediment.

[0012] The present invention has been conceived in
view of the above-mentioned standpoint, and aims to pro-
vide technology for improving, in the active filter, the im-
pediment to suppression of the harmonic component of
the power current caused by the arithmetic processing
performed by the current controller.

Means for Solving the Problems

[0013] An active filter control device according to the
presentinvention is adevice that controls a parallel active
filter (6) connected, through an interconnection reactor
(4), to an AC power supply (1) that supplies load current
(lo) to a load (2), and outputting compensating current
(Ic; Id, 1q).

[0014] The first aspect thereof includes a harmonic
component extraction unit (7A; 7B) obtaining a command
value (Ic*; I1d*, Ig*) of the compensating current from a
harmonic component of the load current; a difference cur-
rent generation unit (3A; 3B) obtaining a deviation (le)
between the compensating current and a value (Ic**;
Id*A, 1g**) obtained by leading a phase of the command
value by a predetermined phase difference (360° Xta/Tr);
a current controller (5; 10dd, 10qq) generating a control
signal (V*; Vid, Viq) based on output of the difference
current generation unit; and a driving signal generation
circuit (8) generating, based on the control signal, a driv-
ing signal (G) driving the parallel active filter.

[0015] The second aspect of the active filter control
device according to the present invention is the first as-
pect, wherein the difference current generation unit (3A;
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3B) includes: a delay unit (31) performing processing of
delaying the command value (Ic*; Id*, Iq*) by a phase
obtained by subtracting the predetermined phase differ-
ence (360°xta/Tr) from a phase for one cycle of the AC
power supply (1); and a subtracter (32) obtaining a dif-
ference between output (Ic*#; 1d*~, Ig**) of the delay unit
and the compensating current (Ic; 1d, 1q).

[0016] Thethird aspectof the active filter control device
according to the present invention is any one of the first
aspecttothe second aspect, wherein the command value
(Ic*) is obtained by removing a DC component from the
load current (lo) grasped in a rotating coordinate system
synchronizing with a phase of the AC power supply (1),
and further performing coordinate conversion so as to be
grasped in a fixed coordinate system, the compensating
current (Ic) is grasped in the fixed coordinate system,
and the deviation (le) is obtained in the fixed coordinate
system.

[0017] The fourth aspect of the active filter control de-
vice according to the present invention is any one of the
first aspect to the second aspect, wherein the command
value (I1d*, 19*) is obtained by removing a DC component
from the load current (lo) grasped in a rotating coordinate
system synchronizing with a phase of the AC power sup-
ply (1), the compensating current (Id, Iq) is grasped in
the rotating coordinate system, and the deviation (led,
leq) is obtained in the rotating coordinate system.
[0018] The fifth aspect of the active filter control device
according to the present invention is the second aspect,
wherein the load (2) is an air conditioner including: an
inverter (23); and a compressor (24) controlled by the
inverter to compress a refrigerant.

Effects of the Invention

[0019] According to the first aspect of the active filter
control device according to the present invention, the
phase of the command value of the compensating current
is led by the predetermined phase difference to eliminate
a delay time in the current controller. The phase differ-
ence can be set appropriately in accordance with the
delay time.

[0020] According to the second aspect of the active
filter control device according to the present invention,
the phase of the command value can substantially be led
by the delay unit as the command value varies with ap-
proximately the same waveform for each cycle of the AC
power supply.

[0021] According to the third aspect of the active filter
control device according to the present invention, a com-
ponent, of the load current grasped in the rotating coor-
dinate system, synchronizing with the phase of the AC
power supply appears as a DC component. Therefore,
by removing the DC component from the load current
grasped in the rotating coordinate system, the harmonic
component of the load current is obtained as the com-
mand value of the compensating current.

[0022] According to the fourth aspect of the active filter
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control device according to the present invention, the ro-
tating coordinate system can be grasped as a two-phase
coordinate system even when the AC power supply is a
multi-phase power supply having three or more phases,
and thus the configuration of the delay unit can easily be
simplified. The cycles of the command value and the
compensating current in the rotating coordinate system
are shorter than those in the fixed coordinate system,
and thus the configuration of the delay unit can easily be
simplified when the delay unit is adopted.

[0023] According to the fifth aspect of the active filter
control device accordingto the presentinvention, the var-
iation of the load is small, and thus the delay unit sub-
stantially leads the phase of the command value with
high accuracy.

[0024] Objects, features, aspects and advantages of
the present invention will become more apparent from
the following detailed description and the accompanying
drawings.

Brief Description of Drawings
[0025]

[FIG. 1] Ablock diagram showing the aspect in which
the active filter control device is adopted in a first
embodiment.

[FIG. 2] A graph showing the effects of the first em-
bodiment.

[FIG. 3] A graph showing the effects of the first em-
bodiment.

[FIG. 4] A graph showing the effects of the first em-
bodiment.

[FIG. 5] A graph showing technology to be compared
with the first embodiment.

[FIG. 6] A graph showing the effects of the first em-
bodiment.

[FIG. 7] A block diagram showing the aspect in which
the active filter control device is adopted in a second
embodiment.

[FIG. 8] A graph showing the effects of the second
embodiment.

[FIG. 9] A block diagram showing the technology to
be compared with the first embodiment.

[FIG. 10] A graph showing the technology to be com-
pared with the first embodiment.

Description of Embodiments
First Embodiment

[0026] FIG. 1 is a block diagram showing the aspect
in which the active filter control device is adopted in the
present embodiment. Description is made below by tak-
ing a case of adopting three-phase alternating current as
an example. However, this number of phases is an ex-
ample, and there is no need to limit the number of phases
to three.
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[0027] A three-phase AC power supply 1 supplies
three-phase load current lo to a load 2. A parallel active
filter 6 is connected to the AC power supply 1 through a
three-phase interconnection reactor 4. The parallel ac-
tive filter 6 outputs three-phase compensating current Ic.
Description is made herein on the assumption that a di-
rection in which the compensating current Ic flows from
the parallel active filter 6 to the AC power supply 1 is
taken as being positive, and the sum of power current Is
flowing from the AC power supply 1 and the compensat-
ing current Ic is equal to the load current lo.

[0028] Of course, if the direction of the compensating
current Ic is taken as being opposite to the direction in
the description of the present embodiment, only the po-
larity sign (positive/negative) of the compensating cur-
rent Ic changes.

[0029] The parallel active filter 6 includes an inverter
61 and a capacitor 62, for example. The inverter 61 inputs
and outputs the compensating current Ic to charge and
discharge the capacitor 62 at a DC voltage Vdc. For ex-
ample, the inverter 61 is a voltage source inverter, three
current paths are connected in parallel to the capacitor
62, and two switching elements are provided for each of
the current paths.

[0030] The active filter control device includes a har-
monic component extraction unit 7A, a difference current
generation unit 3A, a current controller 5, and a driving
signal generation circuit 8.

[0031] The harmonic component extraction unit 7A ob-
tains a command value Ic* of the compensating current
Ic from the harmonic component of the load current lo.
Specific configuration is known from Patent Document 3
and other(s), so that description thereof is made only
briefly. The harmonic component extraction unit 7A in-
cludes a transformer 71, a phase detector 72, a dq con-
verter 73, high-pass filters 74 and 75, and an inverse dq
converter 76.

[0032] The transformer 71 detects one phase of a
three-phase voltage Vs of the AC power supply 1, and
provides it to the phase detector 72. The phase detector
72 transfers the detected phase to the dq converter 73
and the inverse dq converter 76.

[0033] The dqconverter 73 performs three-phase/two-
phase conversion on the load current lo as detected to
obtain d-axis current and g-axis current. The d-axis cur-
rent and the g-axis current are provided to the inverse
dqg converter 76, after being removed low-frequency com-
ponents, particularly DC components, by the high-pass
filters 74 and 75. The inverse dq converter 76 performs
two-phase/three-phase conversion to generate the com-
mand value Ic* of the compensating current Ic. The d
axis and the q axis are herein axes in the rotating coor-
dinate system rotating in synchronization with the phase
detected by the phase detector 72.

[0034] Components, of the load current lo, synchroniz-
ing with the phase of the AC power supply 1 appear as
DC components in the d-axis current and the g-axis cur-
rent. That is to say, the d-axis current and the g-axis

10

15

20

25

30

35

40

45

50

55

current include only DC components in the absence of
the harmonic component in the load current lo. The
above-mentioned high-pass filters 74 and 75 thus output
only the harmonic components of the load current lo,
which appear as the d-axis current and the g-axis current.
As a result, the command value Ic* represents the har-
monic component of the load current lo. Therefore, when
the compensating current Ic matches the command value
Ic* with no phase shift, the compensating current Ic ab-
sorbs the harmonic component of the load currentlo, and
the harmonic component is not generated in the power
current Is.

[0035] The difference current generation unit 3A ob-
tains a deviation le between the compensating current
Ic and a value Ic*" obtained by leading a phase of the
command value Ic* by a predetermined phase difference,
which is described later. The command value Ic* is ob-
tained by removing the DC component from the load cur-
rent lo grasped in the rotating coordinate system (dq co-
ordinate system) synchronizing with the phase of the AC
power supply 1, and further performing coordinate con-
version so as to be grasped in the fixed coordinate sys-
tem. The compensating current Ic and the deviation le
are also obtained in the fixed coordinate system.
[0036] The current controller 5 performs processing of
generating a three-phase voltage command value V*
based on the output of the difference current generation
unit 3A. The current controller 5 achieves the above-men-
tioned processing, for example, by performing Pl (pro-
portional integral) control.

[0037] The driving signal generation circuit 8 gener-
ates, based on the voltage command value V*, a driving
signal G driving the parallel active filter 6. The driving
signal generation circuit 8 generates the driving signal
G, for example, by performing logical operation on results
of comparison between the voltage command value V*
and a carrier. Therefore, it can be said that the voltage
command value V*is a control signal indirectly controlling
the parallel active filter 6 through the driving signal G.
[0038] It is desirable to provide a low-pass filter 9 in
terms of removing ripples of the compensating current
Ic. Only the low-pass filter 9 for one phase is shown here-
in, but is actually provided for each of three phases.
[0039] Since the currentcontroller 5 generates the volt-
age command value V* by performing the Pl control as
described above, a delay time (hereinafter, this delay
time is expressed as a time ta) occurs. If the deviation le
is obtained from the command value Ic* and the com-
pensating current Ic, the time ta causes a difference be-
tween the compensating current Ic and the harmonic
component, and becomes animpediment to suppression
of the harmonic component of the power current Is.
[0040] Inthe presentembodiment, however, the differ-
ence current generation unit 3A obtains the deviation le
from the compensating current Ic and the value Ic** ob-
tained by leading the phase of the command value Ic*
by a phase corresponding to the time ta to eliminate or
reduce the above-mentioned impediment.
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[0041] The phase amount ¢ for the phase leading can
be expressed as ¢ = 360°Xta/Tr by introducing a cycle
Tr of the voltage Vs output from the AC power supply 1.
The time ta is considered to take a constant value in a
steady state. Therefore, the time ta can be estimated in
advance through measurement or presumption, and the
phase amount ¢ can also be setin advance appropriately.
[0042] The difference current generation unit 3A in-
cludes, for example, a delay unit 31 and a subtracter 32.
The delay unit 31 performs processing of providing a de-
lay by a phase obtained by subtracting the phase amount
¢ from 360 degrees (i.e., a phase for one cycle unit of
the voltage Vs). Since the harmonic component cyclically
varies at the same cycle as the voltage Vs in the steady
state, the delay becomes substantially equivalent to the
phase leading by the phase amount ¢. The subtracter 32
obtains the deviation le as a difference between the out-
putlc*? of the delay unit 31 and the compensating current
Ic.

[0043] FIGs. 2 to 4 and 6 are graphs showing the ef-
fects of the present embodiment. FIG. 5 is a graph show-
ing the technology to be compared with the present em-
bodiment. In FIGs. 2 to 6, various amounts are shown
for only one phase. This is because, in a case of adopting
a balanced load as the load 2, three phases of the load
current lo are balanced, three phases of each of the pow-
er current Is and the compensating current Ic are bal-
anced, and three phases of each of these amounts only
differ from one another by 120 degrees.

[0044] FIG. 2 shows, downwards from an upper row,
waveforms of the load current lo, a value (-Ic) obtained
by reversing the polarity of the compensating current Ic,
the power current Is, the phase-led command value Ic*?,
the compensating current Ic, and the deviation le, re-
spectively.

[0045] FIG. 3 shows waveforms of the voltage Vs and
its phase 0 in an upper row, a waveform of the command
value Ic* in a middle row, and a waveform of the phase-
led command value Ic** in a lower row, respectively. The
time ta and the cycle Tr are also shown. It is visually
recognized that the command value Ic** is led from the
command value Ic* by the time ta.

[0046] FIG. 4 shows waveforms of the command value
Ic* and the phase-led command value Ic** in an upper
row and waveforms of the command value Ic* and the
compensating current Ic in a lower row. The waveforms
are shown in FIG. 4 in an extended time axis, compared
to the waveforms shownin FIG. 3. Itis visually recognized
from the waveforms in the upper row of FIG. 4 that the
phase-led command value Ic*" is led from the command
value Ic*, as visually recognized from the middle and low-
errows of FIG. 3. Itis visually recognized from the wave-
forms in the lower row of FIG. 4 that the command value
Ic* and the compensating current Ic have approximately
the same waveform.

[0047] FIG. 5is a graph showing various amounts ob-
tained when the delay amount in the delay unit 31 is set
to 0 (i.e., the phase amount ¢ is also set to 0). Waveforms
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of the (not phase-led) command value Ic* and the com-
pensating current Ic are shown in an upper row, a wave-
form of the deviation le is shown in a middle row, and a
waveform of the power current Is is shown in a lower row.
[0048] FIG. 6 is a graph showing various amounts ob-
tained when the delay unit 31 provides a delay substan-
tially corresponding to the phase leading by the phase
amount ¢. Waveforms of the phase-led command value
Ic** and the compensating current Ic are shown in an
upper row, a waveform of the deviation le is shown in a
middle row, and a waveform of the power current Is is
shown in a lower row.

[0049] FIG.9shows configuration obtained by omitting
the delay unit 31 from FIG. 1 and substantially corre-
sponding to configuration shown in FIG. 1 when the
phase amount ¢ is set to 0. FIG. 10 is a graph showing
waveforms of various amounts obtained with the config-
uration so as to correspond to FIG. 2.

[0050] It is visually recognized from comparison be-
tween FIGs. 5 and 6 and comparison between FIGs. 2
and 10 that the deviation le is reduced, and the harmonic
component of the power current Is is thereby significantly
reduced by obtaining the compensating current Ic
through control using not the command value Ic but the
phase-led command value Ic*A.

[0051] That is to say, it is known that the impediment
to suppression of the harmonic component of the power
currentls caused by the arithmetic processing performed
by the current controller 5 has been improved in the
present embodiment.

Second Embodiment

[0052] Theimpedimentto suppression ofthe harmonic
component of the power current Is caused by the arith-
metic processing performed by the current controller can
also be improved when the command value of the com-
pensating current is grasped in the rotating coordinate
system by performing phase leading in a similar manner
to the first embodiment.

[0053] FIG. 7 is a block diagram showing the aspect
in which the active filter control device is adopted in the
present embodiment. In contrast to the configuration
shown in the block diagram of FIG. 1 in the first embod-
iment, the harmonic component extraction unit 7A has
been replaced by a harmonic component extraction unit
7B, the difference current generation unit 3A has been
replaced by a difference current generation unit 3B, and
the current controller 5 has been replaced by a phase
voltage command generation unit 10, and a dq converter
11 has been added in the configuration in the present
embodiment. Furthermore, more detailed configuration
of the load 2 is shown.

[0054] In the example of the present embodiment, the
load 2 is an air conditioner including an inverter 23 and
a compressor 24 controlled by the inverter 23 to com-
press a refrigerant (not shown). The load 2 further in-
cludes a converter 21 for supplying DC power to the in-
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verter 23, and a capacitor 22 interposed in parallel be-
tween the converter 21 and the inverter 23.

[0055] Such a load 2 is desirable as the variation of
the load is small, and thus the phase of the command
value is substantially led with high accuracy.

[0056] The dqconverter 11 performs dq conversion on
the compensating current Ic, and outputs d-axis current
Id and g-axis current Iq.

[0057] The harmonic componentextractionunit7B has
such configuration that the inverse dq conversion unit 76
has been omitted from the harmonic component extrac-
tion unit 7A, and a subtracter 77, a voltage controller 78,
and an adder 79 have been added. Functions of and
mutual connection relationships among the transformer
71, the phase detector 72, the dq converter 73, and the
high-pass filters 74 and 75 of the harmonic component
extraction unit 7B are the same as those of the harmonic
component extraction unit 7A.

[0058] The subtracter 77 obtains a deviation of the DC
voltage Vdc supported by the capacitor 62 from the com-
mand value Vdc* thereof. The voltage controller 78 per-
forms the Pl control on the deviation obtained from the
subtracter 77 to obtain a correction value of the d-axis
current. The correction value is added to the output of
the high-pass filter 74 (for the d-axis current) by the adder
79. As a result, a d-axis current command value Id* is
obtained from the adder 79.

[0059] A g-axis current command value Iq* is obtained
from the high-pass filter 75 for the g-axis current. It can
be said that the d-axis current command value Id* and
the g-axis current command value Ig* are the harmonic
components of the load current lo considering pulsation
of the DC voltage Vdc as grasped in the rotating coordi-
nate system. These can thus be grasped as command
values of the d-axis current Id and the g-axis current Iq
that are the compensating current Ic grasped in the ro-
tating coordinate system.

[0060] The difference current generation unit 3B in-
cludes delay units 31d and 31q, and subtracters 32d and
32q. Like the delay unit 31 shown in the first embodiment,
each of the delay units 31 d and 31 g performs processing
of providing a delay by a phase obtained by subtracting
each of the phase amounts ¢d and ¢q from 360 degrees.
These phase amounts ¢d and ¢q are described later. A
phase-led d-axis current command value Id** and a
phase-led g-axis currentcommand value Iq** are respec-
tively obtained from the d-axis current command value
Id* and the g-axis current command value Ig* through
the delay processing.

[0061] Like the subtracter 32 shown in the firstembod-
iment, the subtracters 32d and 32q respectively output
deviations led and leq. That is to say, the deviation led
between the phase-led d-axis current command value
Id*A and the d-axis current Id as well as the deviation leq
between the phase-led g-axis current command value
Ig** and the g-axis current |lq are respectively obtained
from the subtracters 32d and 32q.

[0062] The phase voltage command generation unit
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10 includes current controllers 10dd and 10qq. The cur-
rent controllers 10dd and 10qq respectively performs the
P1 control on the deviations led and leq to output voltage
command values Vid and Vig. Assuming that delay times
td and tq respectively occur through the Pl control per-
formed by the current controllers 10dd and 10qq, effects
similar to those obtained in the first embodiment can be
obtained by setting the above-mentioned phase amounts
¢d and ¢q as follows:

od = 360°xtd/Tr, pq = 360°xtg/Tr

[0063] Further, FIG. 7 shows the aspect in which con-
figuration (hereinafter, referred to as "non-interference
configuration") to avoid so-called interference between
current control in the d-axis and current control in the g-
axis is adopted, and the voltage command values Vid
and Viq are corrected. The non-interference configura-
tion is known technology as disclosed, for example, in
Patent Document 2, so that description thereof is made
only briefly.

[0064] Specifically, multipliers 10dq and 10qd, a sub-
tracter 10d, and an adder 10q have been additionally
provided. The multiplier 10dq multiplies the product oL
of an angular frequency o (= 27/Tr) of the AC voltage Vs
and inductance L of the interconnection reactor by the d-
axis current command value Id*, and provides it to the
adder 10q. The multiplier 10qd multiplies the product oL
of the angular frequency o and the inductance L by the
g-axis current command value lg*, and provides it to the
subtracter 10d. The subtracter 10d corrects the voltage
command value Vid obtained from the current controller
10dd by subtracting the output of the multiplier 10qd. The
adder 10q corrects the voltage command value Viq ob-
tained from the current controller 10qq by adding the out-
put of the multiplier 10dq.

[0065] Note that the (not phase-led) d-axis current
command value Id* and g-axis current command value
Ig* are respectively provided to the multipliers 10dq and
10qd. This is based on such a standpoint that a delay as
in the processing performed by the current controllers
10dd and 10qq does not occur in the processing per-
formed by the multipliers 10dq and 10qd.

[0066] However, the influence of the non-interference
configuration is small in the steady state, and the delay
occurring in the delay units 31d and 31q does not sub-
stantially correspond to the phase leading. From this
standpoint, the phase-led d-axis current command value
Id*» and the phase-led g-axis current command value
Ig** may respectively be provided to the multipliers 10dq
and 10qd.

[0067] Note that the multipliers 10dg and 10qd, the
subtracter 10d, and the adder 10q can naturally be omit-
ted when interference between the d-axis and the g-axis
is not considered.

[0068] In the present embodiment, the driving signal
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generation circuit 8 generates, based on the voltage com-
mand values Vid and Viq for two phases, the driving sig-
nal G driving the parallel active filter 6, in contrast to the
first embodiment. Therefore, it can also be said that the
voltage command values Vid and Viq are control signals
indirectly controlling the parallel active filter 6 through the
driving signal G as with the voltage command value V*
for three phases. Since the configuration of the driving
signal generation circuit 8 having this function is well
known, description thereof is omitted herein.

[0069] FIG. 8is agraph showing the effects of the sec-
ond embodiment, and shows, downwards from an upper
row, respective waveforms of the d-axis current Id, the
deviation led, the g-axis current Iq, the deviation leq, and
the power current Is in the stated order.

[0070] The d-axis current Id cyclically varies at a cycle
Tr/6, which is 1/6 of the cycle Tr of the power current Is,
reflecting that the power current Is actually has three
phases. The d-axis current Id is approximately sinusoi-
dal. Similarly, the g-axis current Iq also cyclically varies
at the cycle Tr/6.

[0071] Itis known thatthe harmonic component is sup-
pressed as the deviations led and leq are small, and the
power current Is is approximately sinusoidal.

[0072] As described so far, it is known that the imped-
iment to suppression of the harmonic component of the
power current Is caused by the arithmetic processing per-
formed by the current controllers 10dd and 10qq has
been improved in the present embodiment as in the first
embodiment.

[0073] As described above, in the present embodi-
ment, the compensating current Ic is grasped as the d-
axis current Id and the g-axis current Iq in the rotating
coordinate system and the deviations led and leq are
obtained in this rotating coordinate system. Since the ro-
tating coordinate system can be grasped as a two-phase
coordinate system even when the AC power supply 1 is
amulti-phase power supply having three or more phases,
the delay units 31 d and 31 q as well as the current con-
trollers 10dd and 10qq for two phases are sufficient. In
the first embodiment, the delay unit 31 and the current
controller 5 are actually required for each ofthree phases.
[0074] Further,inthe presentembodiment, particularly
the fact that the d-axis current Id and the g-axis current
Iq cyclically vary at a cycle that is 1/6 of the cycle Tr of
the AC voltage Vs brings about other effects. That is to
say, the cycles of the command values Id* and Ig* as
well as the cycles of the d-axis current Id and the g-axis
current Ig as the compensating current in the rotating
coordinate system are shorter than the cycles Tr of them
(the command value Ic* and the compensating current
Icin the first embodiment) in the fixed coordinate system.
This easily simplifies the configuration in which the delay
units 31 d and 31 q are adopted.

[0075] Specifically, in a case where FIFO memory is
used as the delay unit 31 shown in the first embodiment,
for example, parts for the cycle Trare sequentially stored,
and sequentially output with the predetermined delay
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amount to substantially perform the phase-leading
processing. Since the command value Ic* is stored for
each of three phases in the example of the first embod-
iment, memory capacity that is three times larger than
the cycle Tr is substantially required.

[0076] On the other hand, in a case where the FIFO
memory is used as the delay unit 31d, it suffices that the
d-axis current command values |d* for the cycle Tr/6 are
sequentially stored, and sequentially output with the pre-
determined delay amount. The same applies to the delay
unit 31g. The required memory capacity is thus 1/3 of the
cycle Tr, and can be reduced to 1/9 of that in the first
embodiment.

Modifications

[0077] Assume thatthe number of storage locations of
the command value Ic* for one phase in the memory
adopted as the delay unit 31is N. For example, if a control
cycle of the current control is 50 us when Tr = 20 ms
(corresponding to a power supply frequency of 50 Hz) is
satisfied, it is desirable to satisfy N > 20ms/50us = 400.
[0078] In contrast, when the number of storage loca-
tions for the cycle Tris N, it is desirable that the control
cycle be longer than N/Tr. It is also desirable to approx-
imate the phase amount ¢ by which the phase is led,
which should originally be the time ta when converted
into time, by k/(N-Tr) by introducing a non-negative inte-
gerk. Thisis because the phase-leading of the command
value Ic* can be performed by delaying values for (N-k)
data. The same applies to the delay units 31d and 31 q.
[0079] Alternatively, when the above-mentioned inte-
ger k for the time ta corresponding to the led phase does
not exist, integers k1 and k2 may be determined as shown
below by expressing the fractional part of ta/Tr as F[ta/Tr],
and a substantially phase-led command value may be
obtained through interpolation using the (N-k1)th com-
mand value and the (N-k2)th command value. The same
applies to the delay units 31 d and 31 q.

k1 =ta/Tr - F[ta/Tr], k2 =k1 + 1

[0080] While the presentinvention has been described
in detail, the foregoing description is in all aspects illus-
trative and not restrictive. It is therefore understood that
numerous modifications that have not been described
can be devised without departing from the scope of the
present invention.

Claims

1. An active filter control device that controls a parallel
active filter (6) connected to an AC power supply (1)
through aninterconnection reactor (4) and outputting
compensating current (Ic; Id, Iq), said AC power sup-
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ply supplying load current (lo) to a load (2), said ac-
tive filter control device comprising:

a harmonic component extraction unit (7A; 7B)
obtaining a command value (Ic*; Id*, Ig*) of said
compensating current from a harmonic compo-
nent of said load current;

a difference current generation unit (3A; 3B) ob-
taining a deviation (le) between said compen-
sating current and a value (Ic?; Id**, 1g**) ob-
tained by leading a phase of said command val-
ue by a predetermined phase difference
(360°xta/Tr);

a current controller (5; 10dd, 10qq) generating
a control signal (V*; Vid, Viq) based on output
of said difference current generation unit; and
adriving signal generation circuit (8) generating,
based on said control signal, a driving signal (G)
driving said parallel active filter.

The active filter control device according to claim 1,
wherein
said difference current generation unit (3A; 3B) in-
cludes:

a delay unit (31) performing processing of de-
laying said command value (Ic*; Id*, 1g*) by a
phase obtained by subtracting said predeter-
mined phase difference (360°Xxta/Tr) from a
phase for one cycle of said AC power supply (1);
and

a subtracter (32) obtaining a difference between
output (Ic*?; 1d*A, Ig**) of said delay unitand said
compensating current (Ic; Id, 1q).

The active filter control device according to any one
of claims 1 to 2, wherein

said command value (Ic*) is obtained by removing a
DC component from said load current (lo) grasped
in a rotating coordinate system synchronizing with a
phase of said AC power supply (1), and further per-
forming coordinate conversion so as to be grasped
in a fixed coordinate system,

said compensating current (Ic) is grasped in said
fixed coordinate system, and

said deviation (le) is obtained in said fixed coordinate
system.

The active filter control device according to any one
of claims 1 to 2, wherein

said command value (Id*, 1g*) is obtained by remov-
ing a DC component from said load current (lo)
grasped in a rotating coordinate system synchroniz-
ing with a phase of said AC power supply (1),

said compensating current (Id, Iq) is grasped in said
rotating coordinate system, and

said deviation (led, leq) is obtained in said rotating
coordinate system.
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5.

The active filter control device according to claim 2,
wherein
said load (2) is an air conditioner including:

an inverter (23); and
a compressor (24) controlled by said inverter to
compress a refrigerant.
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